Mutations of Gly to Ala in human glutathione transferase P1-1 affect helix 2 (G-site) and induce positive cooperativity in the binding of glutathione.
Previous kinetic studies on human glutathione transferase P1-1 have indicated that the motions of an irregular alpha-helix (helix 2) lining the glutathione (GSH) binding site are viscosity dependent and may modulate the affinity of GSH binding. The effect of single amino acid residue substitutions (Gly to Ala) in this region is investigated here by site-directed mutagenesis. Three mutants (Gly41Ala, Gly50Ala and Gly41Ala/Gly50Ala) were overexpressed in Escherichia coli, purified, and characterized by kinetic, structural, and spectroscopic studies. All these mutant enzymes show kcat values similar to that of the wild-type enzyme, while the [S]0.5 for GSH increases about eight-fold in the Gly41Ala mutant and more than 100-fold in the Gly41Ala/Gly50Ala double mutant. This change in affinity towards GSH is accompanied by an induced positive cooperativity as reflected by Hill coefficients of 1.4 (Gly41Ala) and 1.7 (Gly41Ala/Gly50Ala) upon substrate binding. Taken together, these data suggest that the region around helix 2 is markedly altered leading to the observed intersubunit communication. Molecular modeling of the Gly41Ala/Gly50Ala mutant and of the inactive oxidized form of the native enzyme provides a structural explanation of our results.